Abstract. Urinary steroid profile analysis using gas chromatography/mass spectrometry (GC/MS) has been reported for the diagnosis of abnormal steroidogenesis in newborn infants with some success. We tried to establish the reference values of 63 urinary steroids in Japanese newborn infant, using GC/MS in selected ion monitoring (SIM) that utilizes two characteristic mass ions for each steroid for definitive identification. We studied 36 healthy full-term newborn infants (1-56 days of age) on spot urine samples to define the reference values (mg/g creatinine, median and 10-90 percentile range) and to investigate the possible difference between daytime and nighttime levels. We also studied 23 healthy adult females (20-24 years of age) on 24-hour-urine for the comparison of the reference values of newborn infants. Fifty metabolites of DHEA, pregnenolone, 17-hydroxypregnenolone, androstenedione, progesterone, 17-hydroxyprogesterone, 21-deoxycortisone, corticosterone, 18-hydroxycorticosterone, aldosterone, 18-hydroxycortisol, 11-deoxycortisol, cortisone, cortisol, and estrogen in each infant were measurable without interference, but 13 metabolites of 11-hydroxyandrostenedione, pregnenolone, 11-deoxycorticosterone, corticosterone, 11-dehydrocorticosterone, 21-deoxycortisol, 11-deoxycortisol and cortisol were unmeasurable in each infant due to the interference of fetal cortex steroids as confirmed by abnormal peak area ratios of two mass ions. All 63 metabolites in each control adult were measurable without interference. 16a-, 16b-, and 15b-hydroxy metabolites of 3b-hydroxy-5-en-steroids, and 6b-, 18-hydroxy and 11-oxo-metabolites of corticosteroids were significantly higher in full-term newborn infants than those in adults as previously reported. Urinary steroids showed little circadian variation in the newborn infants, indicating that spot urine can substitute for 24-hour urine.
URINARY steroid profile analysis using gas chromatography/mass spectrometry (GC/MS) has been reported to be useful in the diagnosis of abnormal steroidogenesis in newborn infants and in adults by various authors [1] [2] [3] . However, the risk of interference in the determination of the selected steroid always exists even in the most sensitive and selective GC/MS in selected ion monitoring (SIM) method. To avoid false positive errors caused by a large quantity of fetal cortex steroids in the urine samples of newborn infants, we measured each steroid by two characteristic mass ion monitoring rather than multiple singleion-monitoring method developed by Shackleton [1] .
The reference values of urinary steroids in newborn infants using GCMS-SIM have been recently reported by Caulfield et al. (spot urine samples, mg/g creati-nine) [2] , Shackleton (24 hr urine samples, mg/10 mg creatinine) [4] , and Malunowicz et al. (24 hr urine samples, mg/day) [3] , but never in Japanese newborn infants. Nor is there any previous study on circadian variation of urinary steroids in full-term newborn infants.
The purpose of the present study is 1) to try to determine the reference values (mg/g creatinine, median and 10-90 percentile range) of 63 urinary steroids (44 steroids previously reported as the diagnostic markers and other 19 minor metabolites) in the spot urine samples of newborn infants, 2) to compare the reference values of newborn infants and adults, and 3) to study the possible circadian variation of urinary steroids in full-term newborn infants.
Materials and Methods
Fifty-five reference steroids and 3 internal standards were purchased from Sigma-Aldorich (St. Louis, MO, U.S.A.) or Steraloids Inc. (Newport, RI, U.S.A.), and 18-hydroxycortisol was synthesized by us (H.C. and T.K.) [5] . Derivatizing reagents and enzymes were obtained as described below. 1-Trimethylsilyl imidazol (TSIM) was obtained from Shin-Etsu Chemical (Tokyo, Japan), o-methylhydroxyamine hydrochloride from Wako Pure Chemistries (Osaka, Japan), Nmethyl-N-trimethyltrifluoro acetamide (MSTFA) from Macherey-Nagel GmbH (Düren, Germany). Glufatase kit type II, which consists of the reagent for hydrolysis containing 4200 Fishman U of b-glucuronidase and 2100 Roy U of sulfatase originated from Ampullaria digestive juice and the reagents for removal of phosphates, was purchased from Nippon Biotest (Tokyo, Japan).
Daytime spot urine samples were obtained from 18 full-term newborn infants (12 males and 6 females, 5-22 days of age) to set forth the reference values of various urinary steroids. A total of 46 spot urine samples were obtained from another 18 full-term newborn infants (thirteen 1-8-day-old infants and ten 25-56-day-old infants) in the daytime (0600 h-1400 h) and at night (2100 h-2400 h) to investigate the possibility of circadian variation. Twenty-four-hr urine samples were obtained from 23 adult females of 20-24 years of age at various menstrual cycles. Each sample was kept at -20°C until analyzed. Each subject gave their informed consent.
Urine steroid profile analysis was performed according to methods previously reported [2, 3, [6] [7] [8] [9] [10] . In brief, the method consisted of enzymatic hydrolysis of 0.5-2 ml of urine sample, extraction, derivative formation, purification, GC/MS-SIM analysis and quantification. The procedures were as follows: 1) chemical removal of inhibitors of enzymes such as phosphatic and sulphatic anions before hydrolysis, 2) two hr hydrolysis at 60°C by Ampullaria enzymes, 3) extraction of the freed steroids by dichloromethane from urine saturated with sodium sulfate anhydrous, 4) addition of three internal standards (5 mg/sample) and drying under nitrogen, 5) o-methyloxime-trimethylsilyl derivatization carried out by reaction with 100 ml of 2% o-methylhydroxyamine hydrochloride solution in pyridine for 1 hr at 52°C, followed by trimethylsilylation with 100 ml TSIM for 17 hr at 75°C, 6) purification of derivatives by dichloromethane, 0.5% H 2 SO 4 and distilled water, followed by drying under nitrogen, 7) dissolution of derivatives in 40 ml MSTFA, and 8) GC/MS-SIM analysis with two characteristic mass ions selected for each steroid (Table 1) . GC/MS-SIM analysis was performed on a HP 5890II GC with a HP fused silica column (25 m) coupled to a HP 5971 MS (Agilent Technologies, Palo Alto, CA, U.S.A.). Temperature programming was 140°C (1 min), 140-180°C (30°C/min), 180-280°C (2°C/min) and 280°C (20 min). The ratio of first ion peak area of each steroid to that of stigmasterol (one of the internal standards) was used for quantification. The calibration curve was calculated from three mixed standard solutions (200, 400, 1000 ng/5 ml).
The reference values (10, 50, 90 percentile) were determined using percentile analysis. Statistical differences between groups were analyzed by MannWhitney U test or Wilcoxon signed rank test.
Results

1) Basic properties of the method
The procedures were completed within 32 hr. The extraction rates were 93 +/-10% (average +/-s.d.), and the recovery rates from urine were 103 +/-12% ( Table 2 ). The sensitivity was 5-20 pg/injection recognized in dihydroxypregnenolone, trihydroxypregnene, dihydroxypregnanolone, trihydroxypregnanolone and trihydroxypregnane, but was 500-1000 pg/injection in 3-oxo metabolites of cortisol and corticosterone ( Table 2 ). The interassay C.V. (coefficient variation) of 56 steroids (equivalent to 10 ng/injection) was 7 +/-4 % (n = 52) and the interassay C.V. and intraassay C.V. of 25 steroids (>0.1 mg/g creatinine) in pooled urine was 11 +/-6 % (n = 37) and 4 +/-4% (n = 8).
2) Measurable urinary steroids
The urinary steroids measurable by this method are shown in Fig. 1 . Fifty metabolites of DHEA, pregnenolone, 17-hydroxypregnenolone, androstenedione, progesterone, 17-hydroxyprogesterone, 21-deoxycortisone, corticosterone, 18-hydroxycorticosterone, aldosterone, 18-hydroxycortisol, 11-deoxycortisol, cortisone, cortisol, and estrogen in each infant were measurable without interference, but 13 metabolites of 11-hydroxyandrostenedione, pregnenolone, 11-deoxycorticosterone, corticosterone, 11-dehydrocorticosterone, 21-deoxycortisol, 11-deoxycortisol and cortisol were unmeasurable due to interference of fetal cortex steroids as confirmed by abnormal peak area ratios of two mass ions. All 63 metabolites in each control adult were measurable without interference.
3) Reference values
The reference values (10, 50, 90 percentile) in 18 full-term newborn infants and 23 adult females are shown in Table 3 . The significant differences between newborn infants and adults were recognized in 41 steroids (metabolites of androstenedione, DHEA, pregnenolone, progesterone, aldosterone, 11-deoxycortisol, cortisone, and cortisol) by Mann-Whitney U test and shown with "s" in Table 3 .
4) Circadian variation
There were no significant differences in main metabolites of DHEA, pregnenolone, 17OHP, and cortisone between daytime urine (0600 h-1400 h) and night urine (2100 h-2400 h) of infants aged 1 week (1-8 days) or 1 month (25-56 days) by Wilcoxon signed rank test (Table 4) .
Discussion
We successfully established the reference values of 50 urinary steroids in full-term newborn infants by GC/MS-SIM. The median values (in mg/g creatinine) of 16aHD, 16bHD, 16oxoAD5, AT5, 16HP5, 21HP5, 1517DHP5, PT5, 5b17HP, 20aPT, Ptl, 1517DHP, 5bTHE, 20aCtl, and 20bCtl in our newborn subjects approximated the mean values (in mg/g creatinine) of these steroids reported by Caulfield et al. [2] and Shackleton et al. [4] .
We failed to determine the reference values of 13 steroids including the main metabolites of deoxycorticosterone, corticosterone and cortisol (THDOC, 5bTHA, 5aTHA, 5bTHB, 5aTHB, 5b THF and 5aTHF). The failure is due to a large amount of fetal cortex steroids that precluded the measurement of the selected steroids since no valid method has been established to separate fetal cortex steroids from the main metabolites of corticosterone and cortisol [4] . We could not measure other important 6a-hydroxy metabolites of corticosteroids (6a-hydroxyTHE, 6a-hydroxyCtl, 6a-hydroxy-THA, etc. [11, 12] ) due to lack of standards. We could, however, estimate the secretion levels of corticosterone and cortisol depending on the excretion of 6b-hydroxycorticosterone, 5bTHE, 5aTHE, 20aCtl, 20bCtl, 20aDHE, 20bDHE, E and F.
Twenty-six steroid metabolites were significantly higher in full-term newborn infants than those in adults as previously reported [13] [14] [15] [16] , and 15 steroid metabolites were significantly lower in full-term newborn infants than those in adults. Little difference was found between male and female adults except for the metabolites of progesterone, 17OHP and estrogen (data not shown). Increased amounts of metabolites of pregnenolone and DHEA in newborn infants are of fetal cortex origin, with fetal cortex expressing higher P450scc and P450c17 and lower 3b-hydroxysteroid dehydrogenase activities [17] [18] [19] [20] . Increased amounts of 16a-hydroxy metabolites of pregnenolone and DHEA and of 6b-hydroxy metabolite of corticosterone in newborn infants were due to higher P4503A7 activity in the fetal liver. P4503A7 has higher 16a-and 6b-hydroxylation activities [21] [22] [23] [24] [25] [26] [27] . Increased amounts of 11-oxo metabolites and decreased amounts of 11b-hydroxy metabolites of cortisol in newborn infants are due to higher 11b-hydroxysteroid dehydrogenase type II activity in fetal kidney, skin, and colon [28, 29] . Other metabolites such as metabolites of Abbreviations: "No. in Fig. 1 " = Sequential number of serum and urinary steroids in Fig. 1 (map) . "1st ion" = the 1st characteristic mass ion for calculation. "2nd ion" = the 2nd characteristic mass ion for monitoring interferences. Identification: The steroid identification in each sample is based on (1) the ratio of second mass ion to first mass ion and (2) the difference between the retention time of each steroid and 5a-cholestane. The second ion number between parentheses in Ald, THAld, and 20bDHE was the characteristic mass ion of E, 20bCtl, and 20bDHF. Calibration: Each of the 56 steroids was calibrated by its respective reference standard. Seven steroids (15,17-DHP5, 5a20bPT, 15,17-DHP, 18HTHA, 5a20bCtl, 20aDHE, and 20aDHF) were calibrated by other reference standards (20aP4, 20aPT, 20aP4, THAld, 20bCtl, 20bDHE, and 20bDHF). A major peak area was used for calculation in each of the 59 steroids, but a plural peak area was used for 16bHD, THAld, 18HTHA, and 18HF. The retention times of the sub peaks not used for calculation are indicated in parentheses. aldosterone, 18-hydroxycortisol, and 16b-and 15b-hydroxy metabolites, remain unexplained for the difference between newborn infants and adults. There is no previous study on circadian variation of urinary steroids expressed in mg/g creatinine in fullterm newborn infants as measured by GC/MS-SIM. Our study disclosed little circadian variation in urinary steroids in 1-week-old infants and 1-month-old infants, indicating that spot urine substitutes for 24-hour urine. Unfortunately, we have not compared spot urine and 24-hour urine in given subjects.
Our reference values of urinary steroids are relevant to the laboratory diagnosis of various adrenal disorders in newborn infants. We are currently addressing the clinical utility of our method in differential diagnosis of inborn error of steroidogenesis in newborn infants. Abbreviations: "M-W U test" = Mann-Whitney U test. "s" = significantly different (p<0.05). "n" = not significantly different. "blank" = measurement interfered with unknown substances 
